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INTRODUCTION 


- The Phelps Dodge Corp, New Cornelia Branch open-pit copper mine operated 
without a fatality ‘in the drilling and blasting Roper lent PEON DEC er 13, 
1937, to April 1 19T, and continuing. 


ee the datcs named the sseouieae crews had -a total of 746,520 man- 
hours of exposure and handled 12,000 tons of explosives, over F70,000 detona- 
tors, 2,300,000 feet of fuse, and 7,700,000 foot of Primacord in loading 
holes to. break 116,780, 000 tons of matcrial, - 


Tt is the purpose of ‘this paper ‘to record tho proceutions taken to in- 
surc safe handling of cxplosives at this operation whoro safety is definitely 
& matter of Forethought rathor’ then chaé&ncc, 


GENERAL INFORMATION. 

. The Now Cornelia Branch open-pit minc operates on @ large, low-gradc, 
dissemiriatcd-copper deposit about onc-healf mile south of Ajo, Ariz, The pit 
4g approximately. oval, tho ore body being some 4,800 feet long and 2,750 
fect wide, Ore is tiined with electric ‘shovels loading into railroad cars. 
All benches in the pit arc ko feot pate except two, which are 60 fcet 
high, 


The Now Cornelia ore body differs from most porphyry-coppcr deposits in 
being hard and siliceous. In common with the other low-grade porphyry -copper 
deposits, continued operation is possiblo only with cconomical handling of 
large tonnagces, This has nccossitated a grcat decal of study in the evolution 
of a safc and efficient method of handling the largo quantities of explosives 
neocded in breaking this hard-rock material, 
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EXPLOSIVES SUPERVISION 


All use of sepresives comes under. the drilling and blasting department, 
with a supervisory ene eee ag shown in the following chart: 


General drilling and blasting foreman 


Assistant general drilling and blasting foreman 


( 
Secondary 


Supply 5) churn- Magazine Primary 
arilling and foreman drill keeper blasting 
blasting foremen foreman 
foreman (1 each shift) 


| 2 primary powder bosses 
4 secondary drilling and vlasting subforemen - 
(1 each shift) 


EXPLOSIVES USED 


Types of explosives used are varied in accordance with the various 
rock formations to be blested. Water resistance must also be taken into 
account in selecting explosives, as impervious rock formations retard drain- 
age, and water is found in about 9O percent of the holes to be loaded. A 
saving is effected where softer formations and dry holes will permit using 
lower-cost, free-flowing explosives, but such loading is done only when 
there will be no sacrifice of safety due to such use. The following table 
Shows the explosives now in use: 


Strength, 
percent 


Cartridge 


Description ' gize and weight | Use 


Special gelatin in “LO 1-1/4 by le in. 


sticks 


3/4 lb, 


60 1-1/4 by 12 in. 


Bed in blasting air-drill 
holes in mcdium-hard ground. 


Used in blasting air-drill 


3/4 lb, holes in hard ground. 
pecial gelatin in ‘40 8 by 18 in. Used in blasting churn- 
etets )O 1b. drill holcs in mcdium-hard 
: ground. 

Same aS above but 60 8 by 18 in. Used in blasting churn- 
packaged in , 5O lb. . drill holcs in hard ground. 
large ccntaincrs | 
for handling by 
Loading machine 
at Nuw Cornelia 
ming. 
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Strength, Cartridge © 
Description ercent size and weizht Use 
No. Ll Amozel having by ee in. Used in dry churn-drill 
@ lower velocity 50 lb. holes and also in water pro- 
and 4% percent viced thoy are not allowed 
more bulk as ccm- to remain in the weter over 
pared with the 8 hours before being detc- 
special gelatin. nated. 
Straight zelatin 60 8 ty 18 tn. Uscd in adobe shots. 
50 lb. 
LDX 705 baz pewder TO Used in dry hcles requiring 


@ strong explosive. 


All primary blasts are detonated by Primacord. Secondary blasts are 
dcetonetcd by either Primacord or cap and fuse.’ Primacord is detonated by 
clectric detonators in primary blasting end by cap and Euaee cr electric 
dutonators in secondary blasting. 


STORAGE 


Permanent Magazines 


Two permanent magazincs with a combined capacity cf 600,000 pounds arc 
uscd fcr the storage of explosives. Both are served by a good acccss read 
and also a railroad siding. All’ shipmcnts of explosives to tho mine are 
made by rail, and upon arrival at the Ajo dcpot the railway cars containing 
explosives arc immediatcly taken ovcr the company transportation system tc 
one of the magazines. Whon the cars are switched at the magazines et least 
one car must be botwcen the explosives car and the locomotive, so that the 
locomotive never enters the one cnclosurcs. 


Both mpietaes have ndopecppie walls 18 inches thick built on sub - 
stantial foundations end covercd with 1-1/2 inches of coment plaster on 
cach side of the walls. Cciling bcards 3 inches thick support 4 sand tray 
filled with 6 inches cof tailings. Ventilation is furnished by offset, 
screcncd cpenings near the flocr lévcl and screened cupolas in the roof. 
The woodon rocfs are coverod with galvanized shect mctal and aluminum, 
painted. The floors ccnsist of matched hardwood flocring laid on boards 2 © 
inches thick. Magazines arc largo enough to insure storage in such @ mn- 
ner that inventcrice my be rcedily taken and the oldest explosives may be 
used first. The date of manufacture 1s stamped on cach case of cxplosives. 


The magazine doors are madc of two thicknesses of 1/4-inch boilerplate 
with 2 inchcs of wood at one mgazine and 2-1/2 inches of wood at the other. 


Each decor is lockcd with © shiclded pedlock. The gates in the wire enclo- 
sure arc &@lso lockcd with pedlocks. 
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Beth magazines are enclosed by woven-wire fence on steel posts and 
topped with several strands of barbed wire. The premises are marked by 
signs mounted on the fence and sco located that a bullet passing throvgh the 
face cf the sign would not hit the magazine. Boxes with several compart- 
ments are hund on the fences near the gates where everyone entering the 
mwazine area is required to deposit matches and smoking articles. 


The magézines are in the waste-cisposal area adjacent to the mine. 
(no magazine is barricaded by its location in a rcck-cut and the other is 
ina depression in the waste dump. The area surrounding the magazines is 
clther rocky or covered with tailings so that there is no vegetation, and 
it is floodlighted at night. 


A magazine keeper is assigned tc the supervision and care of the ex- 
aes magazines. He keeps records of all deliveries to and from the 
ermanent magazines and carries out the following THeurMCETOns; which ere 
ee at the entrance gate of each magazine: 


1. Allow no one to entcr this mgzazine without a written 
pass signed by the Mine Superintendent, or the General 
Drilling and Blasting poReny exccpt the following: 


A, Men who are employed in the vowder department 
- and who have to entcr the magazine in direct 
connection with their work. 


B. ne Mine Superintendent. 
C. The General Minc Foreman. 
D. Members of the Safety Department. 


e. All visitors cntering with a pass must be accompanied 
by someone arthorizcd by the Mine Superintendent, the 
General Mine Foreman, or the General Drilling and Blast- 
int Forcman unless they are in the personal charge of 
eny of the above exccutives, or arc accompanied by @ 
member of the Satcty Departmcnt. 


3. Do not carry matchcs, or allow others to carry matchcs 
cr to smoke in, or near this mgazine. It shall be 
toc responsibility cf the cmployee of the Compeny who 
accompanics visitors to make sure that the visitors 
comply with this regulation. = 


4, Employces and visitors shall put thcir lighters, 
matches, etc., in tho box provided for that purpose 
which is bolted to the gate of thc powder magazines 
and on the wall of thc cap magazinos. 


D)« Under no circumstances allow a primed cartridge, or 
detonating caps of any kind in this magazine. 
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ll. 


12, 


13. 


14. 


15. 


16. 


Whon artificial light is needed use only an cloctric 
flashlight, or an clectric lantern. 


If a leek develops in the recf or walls, report it 
at once. 

Keep the ground around the mgazinc« clean of all 
trash. 


Keep the mgazine clean. Swecp it out not less than 
once &@ week, using @ swecping compound. 


Keep the magazino sccurely locked at a1. times when 
not working in it. 


Hendlo dxpiceives carcfully; do not drop, throw, or 
slide then, 


Store powder boxes flat, top side up, corresponding ~ 
gradcs and brands to be stored in such & manner that 
brand and grade will show to cnable casy counting and 
reer vor The oldest stock must bc used first. 


Allow no loose Sawiee of any kind, or openod boxcs in 
this mgazinc. 


Any boxes cf powder received in bad condition should 
be storcd in the portable magazines until tucy can be 
uscd. 


Keep any tools neccssary for the crection, or changing 
of pcowdor convoyors in thc box provided for thet ae 


pose. 


Keop the thermometer in the megazine and rocord high- 
cat and lowest. temperature on the daily rcports. 


A maximum-minimum thormomctcr is kept inside the No. 2 mgazine, and 
readings are recorded by the megazine kccpcr cach day the magazine is opened 
A study of these records shows 4 maximum daily veriation of 9° and an aver- 
age daily varietion of ebout 4°. Exposure to any great seasonal variation 
is prevented by the fact that explosives handled through these magazines 
everagc less than 3 months from manufacture to uso. The extreme renze of 
magazinc temperatures over a year's time was from a low of 47° to a high 
of 99°. During the same period the U. S. Weather Burcau noannae at Ajo 
ranged from a low of 26° to a high of 112°. 
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Figure |. - Magazine rules 
and match-depository box 
mounted on steel post 
near detonator magazine. 


Figure 2. - Typical distributing magazine for 
storage of capped fuse. 


Figure 3. - Loading platform at No. 2 magazine, 
showing conveyor in place with conveyor frame 
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Devonctor Mogazince 


Detonators cre storce in & remodclead reilroad boxcar in an isolated 
zart of the dup area, The mrazine hes been plastered insids and outside 
for fire resistance and is ventilatcd by a roof ventilator. Sefcty fuse 
is stored in this mgazine in quentitics up to 100,000 fect. Detonator 
stcrege docs not exceed 100,000 of both clectric and fusc-type No. 8 deto- 
nators. All detonating fuse is stored in the cxplosives mgazine in quan- 
titics up to 500,000 fcct. 


. combination storazc box and bulletin board is mountcd on a post ncar 
ee sazine. The box is provided to hold matches, lighters, or similar 
eae while their owners Gre in the magazine. The bullctin board has 
the magazine rules displayed under glass. The rules posted are the same as 
the first 10 listed ag displaycd at the cxplosives mgazincs, with an addi- 
tional rule prchibiting the storage of Primécord or any othcr detonating 
fusc in the dctonator magazine. (Sce fig. 1.) 


Dietributing Megezines 


Socondery storage of explosives and detonators is provided by 16 dis- 
tributing magazines. These wooden magazines are distrioutcd as necded ebdout 
thc opcn pit and are quite conspicuous because of their bright rcd color 
end yellow markings. Magazincs are set as needed cnd always locatcd at 
lcast 50 feet apart. Explosives arc storcd separately from dctonators, and 
et this opcration Primcord is alwys stored with the explosives. The mga- 
zines very from the usual box type in that they arc sct on legs and hevec 
ouble coors forming the front of the magazinc.. This allows the worknen 
@ remove or place cxplosives without bending; snd a sholf arrangciicnt in) 
the exvlosives magazine makes it less likcly that older explosives will be 
ccvered anc left in the magazine whilc explosives recently pleced in the 


mgzazine arc tekcn for usc. (Soc fig. 2.) 


Rules governing the use of thesc magazines ere posted at cech magazine. 
Tac rules for the explosives magezine arc given as follows: 


1. The @mount of powdcr sept in this megazine mst not excecd 
“twelve boxes. 


Ge. Frine cord can be stored in this magazine in quentitics not 
tc exceed four rolls. | : 


3. No capped fusc, or caps of any kind shall bo kcpt in this 
powder magazine. 


4. The minimum distance between this magezine and a portable 
cap magazine shell be fifty fect. 


5. If a leak develops enywhoere in this magazinc, or any part 
of it is broken or dees not operate properly, rcport it 
to your foremaoan as soon @s possible. 
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6. Keep the ground around this magazine clear of rubbish 
for a distance of at least twenty-five feet. 


7. No powder boxes, or rubbish of any kind shall be burned, 
or any kind cof a fire be built within one hundred feet 
of this magazine. 


8. Make sure that the magazine is ete: ieee before 
leaving it. 


At the detonator magazine, the last five rules are the same ag those 
posted &t the explcsives magazine but at these locations the first three 
rules are ag follows: : 


“1. This magazine is for the storage of capped fuse and 
electric caps only. 


2. It mst not be used for the storage of powder of any 
kind or of detonating fuse. 


3. No more capped. fuse shall be stored in this magazine 
- than can be placed on the pegs provided for that purpose. 


TRANSPORTATION 


Explosives 


All portions of the mine may be reached from the network of supply 
roads, and explosives are delivered by truck to the point needed. Explosives 
for primary blasts are delivered directly to the loading area at the etart 
of the shiit. Explosives usca in secondary blasting are procured from the 
distribution magazines, and deliveries are made by truck &s needed to re- 
plenish the stock in these mgazines. Primacord is delivered with the 
cxplosives. , : 


In addition to the general requirements of good maintonance, sefe oper- 
ation, and carrying of fire oxtinguishers applied to a11 vehicles operated 
in the open pit the following spccific rules are applicd to trucks trans- 
porting a . 


A truce haul ine explosives must be plainly marked in the 
EPPROVES: manner. an 


A truck hauling explosives must be moved with extreme caution 
and never at 4& rate excocding 15 milcs sg per hour. 


Crews operating @ truck lcadcd with explosives mst preserve 
all clcarance possible betwcon thcir truck and other opcrating 
machinery. 
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Regardless of circumstances a truck posts with explosives 
mist never be left unguarded. 


“All vehicles used-in transporting cxplosives mast display 
“red tlags. ’ : ase : 


Explosives met oS hendled oe wetnout undue neerey. in 
transit, 


No vehicle transporting explosives shall ee Q 
. General Powder Foreman shall spccify the number of boxes which 
. can be hauled by cach-vchicle, and this numbcr mst not be excecded. 


Any truck used in transporting oxplosives shall be inspected 
Qaily in crder to cetcrmine that it is in proper condition; particu- 
lar attention being paid to brakes and stcering gear. 


No unauthorized person shall ride on vehicles transporting Cx-. 
plosives. . - = 3 


Gasoline tanks on vchicles snouia not be filled while cxplo- 
sives are on truck except in cmorgency. 


No etna detects) shall be hauled on trucks or cars loaded 
with: oxplosives. 


Expicsives shall not be handicd « or transportcd pili an elcec- 
trical storm. 


Vchicles uscd in transporting seplosives shall be provided 
with wooden flcors and. proper flags. 


All employces will remain &@ safe distance away seas lemeadind in 
transit and will notify-powder dcpartmcnt omployces of any fire or other 
tazards in the peth of powder carrying vchicles. 


In addition to the wooden floors rcquired by tho rules, wooden racks 
érc furnished to fit the bodies. of trucks a a explosives, so there 
is no internally exposed metal. sede : 

In the magazincs. roller. conveyors aro uscd for moving oxplosives in 
cri cut of thc mgazine. The conveyor has a.mctal frame and wooden rollers 
snd is built in scctions, making | it’ possible . to crcct the convoyor on tho 
swstantial horses provided .so as to reach from a.truck or railroad car at 
the loading platform to any part of the mazazing..- When the conveyor is sct 
up, the metal sides are, grounded by’ being eonnce ure. to a ground wire at tho 
front end of the loading platform. (See fig. 3.) 
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Capped Fuses 


Iwo employees work full time on cutting and capping fuse and delivering 
capped fuse and electric detcnators for use in the mining operation. All 
fuse is cut and capped in a building used only for that purpose, located 
about 300 feet from the detcnator storage magazine. Rules previously quoted 
for the detonatcr magazine are applied also to the fuse-capping building. 


Fust is cut from 3,000-foot spools in 5-foot lengths and capped with 
a bench-mounted hand-operated crimper. Capped fuses are made up daily and 
only the number needed for that day are prepared. Capped fuses are prepared 
for transportation in rolls of 10 and are carried in canvas bags to the 
portable magazine in the onen pit, This delivery is made on fort, and elcc- 
tric detonators are placed in the portable Meeeines in the same way. 


‘PRIMARY BLASTING 
Drilling» 


Holes for primary blasts arc drilled by churn drills, using a 9-inch: 
diameter bit. This large diametcr eliminates the necessity cf springing, 
as the hole reedily accommodates cnough explosive below shcvel grade to 
give satisfactory blasting performance. Holes are drilled 6 feet below 
shovel grade on the 40-fcot benches and & feet below on the €0-foot benches. 
Where it is necessary to case through broken material in starting a hole, 
10-inch casing pipe is used. Such casing is not remcved before blasting 
as it is ueuelly found undamaged by the blast. 


Loading 


A loading scheme for each primry blast is computed in advance of the 
loading operation by the general drilling ond blasting forcman or his 
assistent, with the explosives calculated eas to type and quantity for each 
hole to be blasted. The type and amount of explosives used depend on the 
hardness of the formation, whether the holes are wet or dry, and the amount 
of burdon. Dock charges are uscd whero needed to fragmont the upper por- 
tion of the bench. The average primary blast uscs 11,450 pounds of explo- 
sives, although blasts using over 100,000 pounds have been fired. 


Data on a typical primary blast have beon listed as follows: 


Type of MACCOLL L: 6 §.56h eee 6 Sos 0 60S WO Oe AN 6.66 ores 6a Gee ese Monzonite 


Numbor of churn-drill holes ..er eccccccvcccccnccececsecses 39 
Average height of bench ...cccccccsncccccvcccuccsseene LEO Xe) 
Average depth of Holes ..scseccsecccscvcccccsceesveress 0, “6 
Avcraoge depth below floor soo weeeseeeccceretorscresees (G0. 6 
Hole SPACING poseveccccccrcscccesrvsscesccvesoescesees AO. 15 
Dictance from Crest icc sh.450 hoses sarees epcsveeseeesee. ACs 12 
Distance Crom C66 sess vessewcdssewseeeesee rien seeescen. 0s 18 
Pounds SGxPLOSiVES USE 66056 dices N60 069 468 SG nee eee eee 11,450 
Loading calculation ..,..+eeeceee. lb. per cu. yd. of burden 7/8 
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Figure 4. - Typical loading Figure 5. - Loading machine in 


area for primary blast operation lowering 50-pound 
defined by red cord and cartridge. Primacord reel 
red flags. | shown just in front of load- 


ing-machine drum. 


Figure 6. - Fifty-pound car- 
tridge of explosives, 8 by 
22 inches in size, showing 
jute cord tied around car- 
tridge to facilitate lower- 
ing with loading machine. 
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Primacord tenetetneeeesesenesenesesereeesesseaeeeaees feet . 43,000 
Tons broken per pound of oe Dae ea Geiee sales eee 4.62 
Tons broken Der 1600. Gri 116d: io 54 4.5.0s Caw ee Sees bow S ea ees 37.8 

The area surrounding the holes to be loaded ia cleared and defined as 
aloedinz zone. No persons other than empleyees of the blasting department 
ere aliowed in the loading zone’ excep* by permission of the foreman in 
charge. All material not necessary to the loading cperation is removed. 
Kyred marker rope is supported around the boundaries cf the loading zone, 
a large red Slaz visible from any point in the open pit being placed at 
each a of the zone. All primary blasts are made during daylight hours 
ard explosives are dclivered to the loading zone prior to the start of 
leading opcrations. The usual procedure is to deliver the explosives at 
the start of the day shift and loading is started immediately after 
delivery. (See fig. 4.) 


Explosives are unicaded within the loading zone and stacked in accord- 
ance with the following rule: 


Explosives are unloaded and stacked at a point at least 
fifteen fcet from the collar cf the hole to be’ loaded and 
at least rifteen feét from any loaded nole. When & single 
scrics cf holos is loaded, cach stack contains enough car- 
tridges to load &t least two holes. When a miltipvle serics 
is being loaded, each stack will contain cnough cartridges 
to load at least four blast holes. In all cases, & distance 
of thirty fcet is maintaincd between stacks. | 


At present, cxplosives arc shipped in pastcboard containers and opened 
by usu ef a linoloum knife. If explosives are received in wocden boxce, 
wooden hammors and wodgcs arc used for cpening. “Empty containers ere imme- 
diately removed from the lo&ding areca and piled for later burning. 


Frec-flowing bag explosives are poured into the holos, but cartridges 
mst te lowcored. This loworing is facilitated by having the 50-pound car- 
tridgcs tied at the manufacturer's plant with jute cord and by the use of 
én ingenious loading machine. Fifty-pound cartridges are cither 8 by 18 
inches or 8 by 22 inches in size, dcpending on the type of cxplosives being 
used. Jute cord, tied around the cartridges, makes a large-mcsh, but 
sccurc, basket which provides a ccnvenicnt loop for penesae and attaching 
the lowering hook. (Fig. 5) | 


The cxplosives-loading machine consists esscontially of a drum for wind- 
ing the 3/8-inch ccttcn loworing repe, rotating on a shaft, all svpported 
(na l-inch pipe mounting. A spring inside the drum is wound by the weight 
cf the cartridge bcing lowered into’ the hole and provides the encrgy for 
rewinding the rcps. Specd of lowering is contrclled by the operator by 
keans of a brake band on the drum opcrated by a hand lever. A brass lowcr- 
ing hock is go designed a3 to relcase when the rope is slacked. A roll of 
Primiccrd ig mountcd on @ shaft built into the framowork of the loading 
mchine ncar the drum, where it is convenicnt for fastening to the cartridge 
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and unwinds roadily as the cartridge is lowered. The loading machine is 
carried e@sily by the two-man loading crew by means of hinged handles 
Wiich aah ‘@g scon as the machine is set down. (See fig. 6.) 


2H the operation, the loading machine is set over the hole so that the 
hock will center. over the hole. The empty hock ig then lowered to the 
bottori of the hole to determine the depth. A previous examination has been 
wade by the foreman, using light reflected by a mirror to shcw if there are 
any obstructions which might interfere with leading. The exolcsives are 
removed from the shipping cases by one man, who moves just ehead of the 
loading crew. The jute-cord sling cf the certriage is examined for loose 
knots or weax.epots. One member or the crew attaches the trass hook to the 
jute-cord sling of a 50-pound cartrid je, which is then susrendced over the 
hole. If this is the firat explosive tc be loaded, Primacord is tied with 
one full turn @round the cartridge and in such a manner as to be held in 
place by the jute cord. This primer cartridge is lowered carefully, with 
one men pissing the Primeccrd through his hana as it unwinds-to see that 
it is kept clear of the rope and casing. With the primer cn the bottom of 
the hole, the Primacord is cut off with some 6 feet left above the collar 
and the end suitably anchored on the surface. A paper ped is placed under 
the Primacorc at any hole where it p&sscs over the edge of the casing. 
Tne remainder of the ROE uETGeCe are then lowered until the loading of the 
hole 1s completed. | 


The loading machine was Tirst designed 4s a.carety measure to eliminste 
the previous practice o:’ cutting and dropping high explosives into deep 
-churn-drill holes. After being put in use it was discovered that loading 
time was reduced 30 percent, the use of large cartridges gave a better seel 
with 10 percent more exnlosive below shovel grade, and "powder" headaches 
amongst omployoes were virtually eliminated Bince. it wag no Longer neces- 
sary to cpen the explosives wrapper. . 


_ All holes ére stemmed to the collar with tailings left by a leaching 
plant operated at the property until 1950. This 3-mesh material has a 
yellow color and gives gocd visibility against the gray ore body. On 
blasting, the stemming is disseminated through the breken ore and is not 
_noticeable.. There have been no misfires in ae | blasting at this 
property since 1939, but the distinctive color of the stemming would be 4 
good indicator to the shovel operator if a misfire should occur. Stemming 
is delivered tc a steel loading bin at the open pit by railroad car and 
transported to the ee Bites by oulp truck. bofore loading operations 
are started. 


Blasting 


The branch lines from the holes are nct connected to the mainline 
Primacord more than 30 minutes before the blast is scheduled to be fired. 
Connections arc made according to menrfacturer's recommendations. Two 
independent checks and counts of the connections are thon made by the pow- 
der bosses. All ccnnections mst be approved by these men, and the counts 
must check each other end also with the number of holes loaded. With the 
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350-feot blasting line laid ov+ but not connected to the blasting battery, 
‘he final connectiong are made by first -ccnnecting the electric detonator 
20 the blasting line and then to the Primacord main line. The blasting 
ine ig not ccnnected to the battery until the foreman has given the actual 
blasting sizgnel, The blasting zone is considered as an area extending at 
least 300 feet in all directions from the loading zone. 


The tlasting prccedure followed is quoted acm ecneany orders as 
; 
“ollows: 


a. Two blast-zone watchmen shall be sent to eacn level both 
above and below the center cf the blast zone. 


b. Until the blast warning signals have been completed, 
these men shall remain together. 


c. When the warning whistles have been sounded, the two men 
on each level then scparete and each man, walking in the 
direction opposite that taken by his PPEeHen shell clear 
the secticn of the neveS he is on. 


d.. When his secticn of the level is ree evennea he shall 
wait for the "all clear" signal from the man on the next 
level below him, if he is below the loaded zone, or the 
min above him if he is above the loaded zone. 


e. The all clear signais shall start from the two men on 
each level most distant from the loaded zone. 


f. The signals shall travel from watchman: to watchman on each 
successive level apprcaching the loaded zone. The watchman 
on each level nearest the loaded zone shall give their 
signals directly to ‘the powder foreman or bosses on the 
loaded zone. 


g@. The pewder foremcon or bosses on. the loaded zone shall 
observe this entire proceeding carefully and when they 
have roceived all the signals and are absolutely sure that 
‘their section of the blasting zone is clear, they shall 
exchanze “all clear" signals with each other. 7 


h, When this has been dono, the signal to light the fuses or 
connect the clectric caps shall be given. 


i. When this procedure has beon carried out to clear 4 zone 
for a primary blast the, powder bosses or powder foremén 
ahall remove themselves from the blast zone &s soon 4s 

possible after. completing ne BORUOCE TORS on the electric 
caps. 
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_j- When they are in the clear of the blast zone they. shall 

| give "all clear" signals to the primary powder foreman 
who is to de stationed at @ point from which he has been 
able to. view the entire clearing of the blast zone, and 
from which point he can be easily seen by the man who 
has been designated to throw the switch tc fire the blast. 


k. When the primary powder foreman has received all elear | 
signals from the primary powder bosses, he shall satisfy. 
-himself that the blast zone is absolutely clear berore 
giving the foreman in charge the signal to fire the enct. 


The blasting warning signals mentioned in (b) abcve are given by 4 
series of short whistle blasts at two locations. One whistle used is a 
large air whistle audible to all pit employees, at the train dispatcher's 
office cverlocking the entire mine pit. The second signal, given by @ sim- 
lar series of whistle blasts blown on the power shcvcl whistle nearest the 
blast, gives the location of the blast. Following the blest an all clear 
signal is given. by the same whistles... ; 


After blasting, the bank is sprinkled with water to allay dust and 
sprinkling is continued while either cre or waste is being loaded. The 
annual rainfall averages 10 inches and affords little Dene in this connecticn. 


SECONDARY BLASTING 


_ Drilling 


Secondary blasting is largely the blasting of boulders too big to pass 
through the shovel dipper. The usual practice is to drill - these boulders 
with jackhammer-type drills, using 2-inch-diameter detachable bits. All 
drilling is done wet. Where there has been a shortage cf labor during the 
last few years, it has not always been possible to drill all the boulders 
to be shot, and in some cases "bulldozing" or “adobe” shots are also made. 
In connection with the secondary bdDlasting of boulders, some experimental 
work has been done in the use of shaped charges, and while the results have 
been promising that method of blasting is not generally used. 


Before the drilling operations loose or dangerous material on the bank 
above the area is scaled down and the supervisor inspects the bank, Care- 
ful watch of the bank is continued by the subforeman ee oe and 
loading. | 


Loading 
In secondary blasting the area. immediately surrounding the holes to be 
blasted is considered the loading zone.. This loading zone is cleared of 
all material not needed in the loading. operation prior to loading. Each 


secondary powderman is furnished with a red flag 2 by 4 feet in size, 
mounted on a 5-foot staff. These flags are used to signify that explosives 
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ere being loaded and designate the area ag a leading zone. Powdermen on 
night shirt are provided Ets peRmiee tyre eee Mee lamps. 


Holes are joaded with 1l- 1/ha. by. 32<inek- st ies of explosives, or parts 
thereof, tamped with wooden, rubber-tipped tamping sticks and stemmed to the 
collar with fine material taken from the pit floor, The proportionate quan- 
tity of explosives used in each drill hole depends upon the depth of the 
hcle and the size of the boulder tc be broken. The quantity of explosives 
uscd ls cept to a minimim to prevent, as much 4g possible, the hazard of 
excessive throwing of reck. Primers are made up just before placing-in’ the 
hale. 

When bulldozing or adobe shots are made, 50-pound cartridges aré ¢ut 
into desired amounts and placed ag needed. This type shot is ‘used only'‘when 
the shape of the boulder indicates that it will be easily brcken by detona- 
tion of a small placed charge; the average charge of this type.is 3-1/2 to 
L peunds of explosives. | See : 


Blas sting ing 


Secondary blasts are detonated by FPrimacord,,cap and fuse, or a . combina- 
tion of the two. The agent used depends uncn the number .of pcewdermen avail- 
edie and the number and iccation of the boulders to be blasted. One powderman 
13 allowed to ignite 10 cr fewer fuses on smcoth ground or 8 or fewer on 
rougn ground, but in all cases at least two pcwdermen must te present. 
kxcess holes may be connected with Primacord and the Primacord in turn 
Getonated by cap and fuse. The full 5-foot fuse is used on most holes; but 
in “adcte" blasting the fuse may te trimmed a few inches to insure that these 
chots go berore flying material from cther holes dislcdge the exposed explo- 
sives.. Fuses are ignited froma 15-inch spitter. Because of the limitaticn 
cn the number of holes, the men experience no difficulty in lighting their 
quota of fuses well under the time limitation but are instructed to leave 
when this 15-inch fuse burns out, regardless of any possible holes remaining 
eae, Jit. 


“ALL secondary blasts use the same procedure in firing as quatea, under 
primary blasting, except that @ whistle signal from the train. dispatcher' 8 
cifice is nct-ziven. The only whietle warning signal will be given. by a |. 
rower shovel in-the vicinity of the blast, and then the number of shots .to 
te fired 1s indicated by a corresponding eee of short whistle signals. If 
a power shovel-is not in the immediate vicinity of a pending blast, .a portable 
whistle is attached to a connection in the compressed-air line and “used to 


cive the signal. 


Where @ secondary blast is in the vicinity of a primary loading zone, 

e blast must be completed before explosives ere delivered to the primary 
onc or delayed until all explosives and stemming are in the churn-drill 
ncles and all workmen have retreated from the primary zone. In some cases 
if conditions permit, primary end secondary blasts on the same bank are fired 


simaltanccusly. 
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Subroremen supervise the drilling and loading operations, but before 
the charges ere detonated the powder foreman must be present to check the 
hook-up, check the number of shots to be ignited by each man, and direct the 
retreat of all ather persons from the area. The powder foreman remeins in 
the loading area to WAEROBE and supervise ignition of the fuses and i last 
to retreat. 


The usual practice is to blast all secondary holes on the same shift 
in which they are loaded. However, if it is necessary to defer Spare re 
until the next shift the following procedure. is. followed: 


The drilling and blasting foreman or subforeman for the shift on which 
the holes were lo&ded will transmit information to the suvervisor, relieving 
him as to number and general location of the loaded holes, and will cesig- 
nate a powderman from his crew to act as watchman cver the loaded hcles 
until properly relieved by the supervisor of the following shift. The pow- 
derman will show the man rclieving him the exact location of all loaded 
hcles @nd &iso pass on any other information pertinent to the safe completior 
of the blast. 


Under no circumstances will any eres be blastcd until all lcaded holes 
‘have been accounted for. , 


After a secondery blast has been cdmpleted, an &@ll-clear signal is 
given by mesns of the whistle used to give the yerutne signal. 


SAPETY ORGANIZATION 


The company maintains a sapeey aepartucet under the direction of a 
eafety supervisor. The responsibility for safe operation rests with, the 
supervising force, and safety-staff members are assigned duties in depart- 
ments where their assistance will provide help for the operating supervisors. 
The safety staff also keeps a safety library of books, pamphlets, reports, 
films, and other educational material for use in the mine safety prcgram. 


” Safety meetings are scheduled monthly. Foremen meet with their crews 
in groups called: unit committees. Each unit committee has a subject. - 
assigned for discussion at the monthly meeting, with subject material fur- 
nished by the safety staff. Each unit committee has @ secretary, and a 
‘record of all meetings is kept. A divisional committee meeting of the 
superintendent and all foremen is held following completion of the schedule 
of unit meetings. — 


The working areas and equipment are inspected at regular intervals by 
committees composed of foremen, workmen, and safety-staff members. A 
written report is made of the findings during the inspection, and recommenda- 
tions are offered fcr correcting the hazards noted. Forms detailing the 
equipment of each department and the hazards to be looked for are provided 
to insure thorough inspection. | 
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All accidents are investigated, including those that do nct result in 
ersonél injury, by investigating committees made up of personnel employed 
-n the department where the accident cccurred. Members of the inspecticn 
Cee investigating committees, and unit-meeting secretaries are 
_ rotated to enable @s many workmen @s possible to tate an active part in the 
ceavety vrowram, 


A safety-sugzestion system is conducted, with a record kept of all 
suggestions submitted and the disposition made of each one. Workmen are 
advised of the action taken on all suggestions svbmitted. 


Every new employee is taken through a job-introduction program, at 
wiich time sefe practices and procedures are discussed and the mn is 
isauied his rule book and personal safety equipment. A member of the safety 
staff takes the new man to the job and introduces him to his foreman. 


Rules are inccrporated in codes cf safe practice covering the opera- 
ticn of each department. These codes are prepared with considerable care 
and cover nct only safe practices but outline in detail the necessary steps 
in conducting safe and efficient cperations. 


Bureau of Mines first-aid classes are held during the winter months 
and all employees are encouraged to take the training. 


CONCLUSION 


The excellent accident experience in connection with use of explosives 
et the New Cornelia Branch has been obtained by adherence to the fundamental 
principles of having as few men &s possible handle explosives, using trained 
and experienced men following a familiar standard procedure, and observation 
cf the safety regulations pertaining to the use and handling of explosives, 
Compliance with the safety regulations is cbtained bcth by 2 desire on the 
vert cf the crew to make the operation safe because of their knowledge of 
the hazard involved and by adequate supervision. 


Safe explosives practices have evolved along with increased efficiency 
in the cperation and have proved a help rather than a hindrance in the 
trocess. The Joseph A. Holmes Safety Association at its annual meeting in 
washington, D. C. in April 1946 awarded the Drilling and Blasting Department 
of the Phelps Dodge Corporation, Ajo, Ariz., a Certificate of Honor “for 
worting without a fatality in the drilling and blasting operations at an 
cpen- n-cut copper mine from December 13, 1937, to December 31, 1945, during 


rill hcles which broke 103,748,064 tons of material while employing an 
rerage of 33.8 men for 703,584 man-hours." 
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